" LEGIBILITY NOTICE

A major purpose of the
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Altahough portions of this report
are not reproducible, it is being
made available in microfiche to
facilitate the availability of those
parts of the document which are

legible.




LA-UR-87-647 POy o0y =7,

Los Alamos Natuona! Laboratory 13 operated Dy the University of Caltarnia for the United States Department of Energy under contract W-7405-ENG-36

LA-UR--87-647
DE87 007466

TITLE: RESONANCE CONTROL FNR A CW ACCELERATOR

AUTHOR(S): L. M. Young and R. S. Biddle

SUBMITTED TO: 1987 Particle Acceleratnr Conference, Washington, DC,
March 16-19, 1987

DISCLAIMER

This report was prepared as an account of work sponsored by an ngency of the United States
Governmient. Neither the United States Government nor any agency thereol, nor any of their
employees, makes any warranty, express or implied, or assumes any legn! linhility oi rexponsi-
hility for the accuricy, completeness, of usefulness of uny information, upparatus, product, or
process disclosed, o1 represents that ity use would not infringe privately owned rights. Refer-
ence herein to any specific commercinl product, process, o service by trade name, trademark,
manufacturer, or otherwise Joex not necessarily constitute or imply ity cndursement, recom-
mendution, or favoring by the United States Goverrmenl or any agency thercol. The views
and opinions of authors expressed herein du not necessarily state or reflect those ol the
United Stutes Government or any egency thereof.,

By acceplance of this article the pubiisher recognizes that the U 8 Governmaent ratairs a nonexciusive. roysity-free Icenss 10 pubiish or reproduce
the publisned lorm of this contripution or 1D Allow others o do so. for 8 Governmen! purposes

The LOS niamos Nationa! Laboratory requeats that tne publisher idennly thig articie as work performed under the auspices of the U S Department of Energy

-  MASTRR
Los Alamos tamesnasass

87 NO M VY . C "
MR e Ve

(/)U')


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


RESONANCE CONTROL FOR A CW ACCELERATOR?®*

L. M. Young and R. S. Biddle, MS-H817
Los Alamos National Laboratory, Los Alamos, NM 87545 USA

Abstract

This paper describes a resonance-control technique
that has been successfully applied to several cw
accelerating structures built by the Los Alamos National
Laboratory for the National Bureau of Standards and for
the University of Illinois. The tcchunique involves sensin
the rf fields in an accelerating structure as well as the
power feeding into the cavity and, then, using the
measurement to control the resonant frequency of the
structure by altering the temperaturc of the structure.
The temperature of the structure is altered by adjusting
the temperature of the circulating cooling water. The
technique has been applied to continuous wave (cw) side-
coupled cavities only but should have applications with
most high-average-power accelerator structures. Some
additional effort would be required for pulsed systems.

Introduction

A resonance-control technique has been successfully
applied to several continuous wave (cw) accelerating
structures built by the Los Alamos Vational Laboratory
for the National Bureau of Standards (NBES)' and for the
University of Illinois.? The technique is simple and novel
and, to the best of our knowledge, has not been
implemented previously, though no claim is made with
regard to its originality. The technique involves sensing
the rf field within an accelerating structure and using the
measurement to adjust the resonant fre%uency by altering
the temperature of the structure. he technique is
greunud in practical and analytical form, without
eveloping the theory. To date, the technique has been
applied to cw side-coupled cavities only but should have
aaplications for most tuned cavities and, with additional
etfort, may be extensible to some | ulsed-mode systems.
The rurpose of the resonance-control technique was
to develop a temperature regulation system for the
NBS/Los Alamos Racetrack Microtron (RTM), an acceler-
ator system consisting cf several accelerating structures.
A single rf generetor 1s used to excite all the accelerating
structures, by way of a variable power-splitter arrange-
ment? The result is that a change in the operating
conditions of one zavity has an eflsct on all cavities.
A&nplitude-control loops are used to counteract these
effects.

Description

Examining previous work in this area indicated that
several different techniques have been used to regulate
and match the resonan® frequency of the cavity structure
to the frequericy of the rf source. Most of the aiructures
have been teimperature regulsted; some have additional
features such an mechanical tuners and/or variable
frequency excitation. The tachniques involve detecting a
mismatch that has occurred and then taking corrective
action. Temperature, reflected power, and voltage.
standing-wave ratio (VSWR) have been used to detect
mismatchrs, A resonance-regulation system that relies
solely upon tamperature regulation has difficulty in per-
forming with a high degree of pracision. The dilficulties
with this technique are (1) temperature is not the desired
parameter, (2) the optirnum location for the tempirature
sensing s generally not available, (3) the optimum
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locatior may not be constant for all operating modes, and
(4) temperature sensors are general'y not sufficiently
sengitive,

The resonance-control system (see Fig. 1) functions
over the full-power range of the structure from zero to
maximum power. When the structure is not powered or
operating at low power, the near-resonance condition is
maintained with t.emferature regulation. When the
structure operates at full power, the resonance condition is
detected directly and is used es the process-control input.
The rrocess-control variable is the temperature of the
circulating cooling water. The resonance condition is de-
tected by measuring the phase shift between the rf drive
and the cavity-field signal. When the rf frequency
matches the structure's natural resonance frequency, the
signals are in phase. The sign and magnitude of the phase
dilference, or error, are preserved in the off-resonance
condition and, for small errors, is linear.

1 AMPLITUDE
THERMIS TOR w 'chm Hm
AS AS ' Al Tlﬁ
ToMPGuT 3T PoNT COMPENMATION oL
L { ‘_J ‘___l
[} [ |
a
SUMMATION
K1
VoC-800
HONEYWELL AL, DI TAL
REITRCT| AR TACT oo
et HEAT [
T
Ja— wenLy [nesTRcT
aar | wav | wan AELAY LOGIC
wALVE QoS0 | orDw
ruLLy neaTmeT | nesvicy
coo. | wwe | wuve
orN cwees | cuosts §
seny aoeLY |meaTRCT g E E g
AT we | owa
e aoses | orDe g g
a1 ooy | ommy | — -
FALY oo | wive | wave SUPPLY RESTAICT
ortN et | orDe WALVE VALVE

Fig. 1. Asimplified diagram of the resonance-control system and the
"truth table™ for the relay logic that controls the supply and restrict
valves.

The control algorithm is implemented with two over-
lnppinf control zones, each coverini a limited range of
power levels. The control algorithm is implemented with
three separate control inputs. The control inputs are the
temperature of the circulating water, the rf power in the
structure, and the phase difference batween the structure
field and the rf drive, To achieve a smooth or bumpless
transfer, the control inputs are combined in an adder
circult with different gains. Zone 1 covers the r{ power
from ofT to low rf power levels. Zone 2 dominates when the
structure s operating from intermediste power levels to
maximum power levels,

In Zone 1, the tamperature of the circulating water is
the dominant process-control {nput. The structures are
dasigned to resonate naturally at the desired operating



frequency at an above-ambient temperature. The
structure must be heated in this condition. The structure
is heated by closing the cooling-water supply valve, see
Fig. 2, and allowing a 100% recirculation of the water
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Fig. 2. A typical recirculating-water cooling system used with the
resonance-control system.

x:tgm. The pump serves as the heat source for heating
e water. In this condition, heat is being transferred into
the structure. Therefore, the temperature of the circu-
lating water must be above the normal temperature. The
temperature of the circvlating water is measured using a
linear thermistor attached to the copper tubinﬂ of
return-water manifold. The resonance controller will
regulate the water temperature based upon an operator-
lcgt‘:ltable set point and the measured water temperature.

In Zone 2, the resonance error is the dominant process
control input. A double-balanced mixer (DBM) is used to
sense the resonance condition, and this signal is coupled
into the summer circuitry., A sample of the cavli\;‘.ly ield
and the excitation signal are compared in a DBM. The
outgut of the DBM is dependent upon the amplitudes of
both inputs and the phase angle between them. The
excitation signal sample is derived from the forward power
with a directional coupler in the rf waveguide powering
the structure. The cavity-field sample is derived from the
probe inserted into the cavity. In the cff-resonance
condition, the DBM output is driven by two terms, a

hase-angle term and an amplitude term. Thus, the DBEM

comes a sensitive device for measuring the state of the

resonance at intermediate- and high-power levels but
provides no information when the rfis offor very low,

At high power levels, the temperature of the cooling
water can be considerably colder than the temperature set
point, which is adjusted for low power operation. To
prevent the temperature error signal from driving the
cavity off resonance, the fleld strength within the
structure is sampled using a low-barrier Schottky diode
(LBSD) detector operating in the linear region. The
square of this signal is proportional to the cavity gowor
lavel. This cavity power signal is Inversely combined wita
the tempaerature set point. The effect is that as the power
{n the structure is increased, the temperature set point is
reduced. This allows the DBM output to remain near zero
when the cavity isonresonance.

The side-coupled structure is water-cooled. The
internal cells are water-cooled using many short parallel
paths of relatively amall dimensions. These channels are
machined into the copper disko as a part of the shaping
operation and increase the surface area for the circulating
water. The lufply and return manifolds are plumbed so
that the flow direction through the structure alternates on

adjacent paths. These techniques are used to minimize
any thermal gradients so that the structure operates at a
uniform temperature. The circulation system is
configured as a low-mass, high-velocity loop, with 0 to
100% recirculation capability. The low-mass objective is
necessary for fast re:'gonse and should be a primary
consideration during the design and ins:allation of the
manifolds and pumping station. Constant velocity is
necessary to ensure that the structure is continually and
adequately cooled and can be realized by equalizing the
head losses for the recirculation and full-cooling cases.

The Start-Up Process

The start-up process occurs when the power leve! in the
structures makes the transition from zero to maximum
power, This transition may be fast, microseconds for
pulsed structures, or reasonably slow, a few minutes for cw
structures. The start-up process is a difficult task with
any one-to-one accelerator system of rf sources and
cavities. It is further complicated when a one-to-one
correspondence does not exist, neither with multiple rf
generators on a single cavity nor with multiple cavities on
a single generator. Normally, the cavities are cold at the
start of this process because the system has not been
running or because it has been running with the rf turned
off for some reason. If it has been running et high rower,
the values are adjusted for the appropriate amount of
cooling. The sudden loss of heating from the rf causes the
structure to quickly cool down before the controller can
readjust the valves to the new conditions.

ecause the cavities are normally cold at the start-up,
a variable-frequency rf source is used during the start-u
process. The frequency is adjusted for minimum toca
reflected power from all the structures; then the power is
slowlgncrnsed in all the structures, and simultaneousiy
the quency is ramped to the normal operating
frequency. is process is controlled by an rf start-up
program in one of the control-system computers. This
surt-\:r &rocou normally takes about three minutes
from rf off to rf fully on when the structures are fully
conditioned.

Theory of Operation

The temperature control chassis can be subdivided into
six major sections. These sections are input signal
processing, summation, relay ladder logic, stable voltage
reference, process controller, and valve position readouts.

Input Signal Processing

There are four modules, see Fig. 1, within the input-
signal processing section. Thess modules convert the
input signals from the temperature set point, structure
temperature, structure fleld amplitude, and the resonance
error signals.

Temperature Set Point. The temperature set-point
function is implementad -vith an Action Industriey, Inc,,
AP 4402-2678 Module, A5. This module is a two-input
summing module. The transfer function is

Vo= KA +B),

where A and Bare input with a range of 0 to 2V, K s
the Vin (nominally 2.5) with adjustable zero ~.nd span,
and V, is the output voltage with a 5-V muximum. The
A-input is used to convert the front panel's 10-turn

teantiometer voltage into the chulvulont of temperuture
*F). The B-input is used to provide a bias velue (40°F) for
the potentiometar input. The span of the manual control
is sot for 100°F. e gain is adjusted to provide
15mV/F, This allows the tamperature sst point to be
adjusted from 40°F to 140°F.

Structure Temperature. The structure temperature
{s measured with a surface-mount linear thermistor
attachad to the return.water distribution manifold. The
thermistor output is converted to a temperature value



with a Rochester Instruments Systems XSC-1354
St;:clnctor Module, A4. The transfer function of this
moduleis

V°=G(K1A'K“B)+Koo

where A and B are inguu with arangeof 0to 2V, K, and
are gains adjustable from 0 to 1.0, G is the output gain
adjustable from 0.5 to 2.5, K, is the output offset
adjustable from 0 to 4 V, and V is the output voltage with
a 5-V maximum. The A-inpu% is used to provide a bias
value and the B-input converts the thermistor voltage to a
temperature value. The bias value is required to
compensate for an offset zero value in the thermistor, and
to &mvide a fail-safe mode where maximum cooling occurs
if the thermistor circuit fails. The gain, set to 2.5, within
the module is used to scale the temperature to 15mV/F,

Power Compensation. A pickup loop senses the rf
field amplitude within the zavity. The output of the pick-
up loop 18 connected to & positive-output square-law crys-
tal detector, Hewlett Packard 8470 series or equivalent, by
way of an attenuator as required. The rf-power-level
signal conditioning is performed in a Rochester
Instruments Systems SC-1352 Multiplier/Divider, Al.
The transfer function for the moduleis

Vo=KA,;,

where A is the input with arange 0 to 2 V, K is the output
gain adjustable from 0.5 to 2.5, and V, is the output
voltage with a 5-V maximum. A voltage divider network
restricts the input to the module to less than 1 V at the
maximum structure field level. The gain setting required
is heavily dependent upon the structure characteristics
and must be selected under operating conditions. With the
input to the module of 0.5 V at maximum power in the
structure, there is a more than 40°F of temperature
setback available.

Phase Error. The phase-error signal is processed
using a Rochester Instruments Systems SC-1398 Scale
and giu Module, A2. The transfer function of the module
is
Vo=K(A.a) +d,

where A is the input with a range of £0.5 V bipoiar, &, is
the input offset adjustable to 0.5 V bipolar, K is the
output gain adjustable from 0.5 to 5, and d is the output
offset adjustable fromQto 5V,

The phase.error signal is derived from an external
DBM. ’lgu DBM output must be terminated into 50 Q to
function properly, and the termination is supplied within
the chassis. The output level is dependent upon the DBM
selected and the amplitude of the input signals. This
module expects to receive a 2- to 5-mV/ signal at the
nominal operating level of the structure in the zero degree
phase-shift region. With the gain set to 2.5, the resultant
sensitivity is a 1° phase error, approximately equivalent to
a 1I'F signal at the nominal operating level of the
structure.

Summation. The process control inputs are combined
in a Rochester Instrument Systems XSC-1354 Module, A3.
The transfer function of the Moduleis

V, = K(K,A + KB + K,.C +K,D),

where A, B, C,and Dare inputs witharange of0to 2V
K, through k‘ are input gains adjustable from 0 to0 1.0, K
is the output gain adjustable from 0.5 to 2.5, and V is the
output witharangeof 0to 10V,

he manual set point llrnal is connected to the
A-input. The phase-error signal ls connected to the
B.input. The power compensation signal is connected to
the C-input. The structure tamperature signal s
connected to the D.input. The four inputs are linearly
summed, with individually adjustable input gains, into a

common output signal. The output signal has separate
gain and offset controls.

Process Controller

The process cortroller is a Honeywell, Ine., UDC 500
Universal Digital Controller with dual output control.
The output is configured for proportional and derivative
control with time proportioning. Time proportioning
cycles the heating or cooling relay on and off with the ratio
of on time to total cycle time rro ortional to the difference
of the output of the control algorithm and 50%. The
cooling relay is active when the output of the control
algorithm is greater than 50%, and the heating relay is
active when the output of the control algorithm is Yess
than 50%. The proportional and differential (PD)
algorithm in the controller is used to implement an overall

roportional, integral, and differential (PID) control loop.

he integral function is supplied by the motorized valves,
which retain their position until commanded to move. The
Srogess controller develops an internal error signal

erived by comparing the input signal with an adjustable
set-po'nt value. This error signal is used to determine
which output is active and the length of time the output is
on, thereby determining the direction and the amount of
valve motion. Independent gains are provided for the
proportional and derivative terms. The control algorithm
18 implemented using a microprocessor with nonvolatile
storage to save the setup parameters.

Relay LadderLogic

Relay logic is used to steer the process-controller heat
and cool commands to the valve actuators and to provide
the safety interlocks. Increased cooling is obtained by
opening the SUPPL’/ valve with the RESTRICT valve
fully open. When the SUPPLY valve becomes fully open,
then more cooling is obtained by closing the RESYI‘RRCT
valve. Maximum cooling is obtained wher the SUPPLY
valve is fully open and the RESTRICT valve isfullyclosed.
The heating case ?enzes in reverse. A latching relay
circuit, K5, is used to fully oper the RESTRICT valve
when power is applied to the chassis.

Manual/Automatic Operation

The manual mode of operation disables the output of
the process controller and allows the operator to use the
spring-loaded ' toggle switches to command the valve
positioners. This ogtion should be used with caution when
the rf power is applied to the structure as it is possible to
restrict the water flow through the structure,

Acknowledgments

The authors wish to thank William Clark and
Raymond DePaula for their part in constructing the water
€00 lng systems. We also wish to thank William Smith for
assembling the temperature control chassis and Vicente
Martinez for integrating the system.

References

1. S Penner, R. L. Ayres, R. I Cutler, P. H Debenham, E R.
Lindstrom, D. L. Mohr, J. E. Rose, M. P. Unterweger, M. A. D.
Wilson, R. Biddle, E. R. Martin, J. E. Stovall, P. J. Tallerico, L.
Wilkerson, and L. M. Young, "Progress Report on the NBS/Los
Alamos RTM," IEEE Trans. Nucl. Sci. 33 (8), 2669 (1985)

2. R O. Alarcon, M. K Brussel, L. 8. Cardman, P. T. Debevee, S.-Y.
Ding, R. A. Eisenstein, A. O. Hanson, R.A. Hoffswell, R. M.
Laszewski, R. A Miskimen, A. M. Nathan, C. N. Papanicolas, J.
H.Smith, und S. E. Willlamson. "Nuclear Physics Research
with a 450 MeV Cascade Microtron,” Nuclear Physics Laboratory,
University of "linols at Urbana.-Champaign, March 1986,

3. L M. Youngand R S. Biddle, “"High-Power RF Controls for the

NBS-Los Alamos Rucetrack Microtron,” IEEE Trans. Nuel. Sci. 33
(8), 2102 (1988).



